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ABST_iCT

_ais report derives a control equation for an electro-

mechanical ___.._-_n_._damper. The damper _onsists of a
J

wheel mounted in a spinnin._ _tellite and driven by a

signal derived from an accelerometer mounted on the
spinning body. Since the dampin_ is done internally,

the ano__lar momentum is unchsm._ed and a constant dlr-

ec_ion in space may be maintained.

The damper may be used for any roll-bo-pitch inertia

ratio except unity. _:
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: [ PBEFACE
7

This report is prepared by Douglas Aircraft Company, Inc.

F (DAC). It deteils the electromechanical conind damper _
; L studies as required under National Aeronautics and Space }

A_ministration (N.__SA)contract NAS5-1294. The studies cover

[ a period from September 1961 through January 1962.
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I

._ i .0 !:_fRODUCTIO_,!

re A free spinning satellite wl]l undergo predictable motion based on the

Da!er equations. A first integral of the Euler equ_tlonl (enezgy) coupled

with the constancy of _he angular momentum vector may be used to describe

the periodic motion of the satellite known as coning.

If no external moments are appl_ed to the spinning satellite but the i
enerqj changes, the coning moti,,,1will change. A control over the coning
motion is _osslble by _eans of _ontrol over She energy of the system.

A cylind.rical satelli%_., spinnin_ about its long axis w_ll upon losing

._. energy increase its coning angle. The loss of energy comes as a rz_ult i

" _ of coning forced motion of flexible parts inside the satellite as well ias the flexing of the satellite Itself.

• An alternate mode of the Reboi_d in_cction scheme calls for spin sZabilization ,_

I _ the spacecraft free of the Agena for extended periods of time. The

shape of the spacecraft and the unavoidable energy loss dictates the i' need for a method of reducing the cone angle.

' An energy- control sys_er_ to reduce the coning motion of a long slender

% spinning satellite is the subject of this report. _
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Development of the equations _s shown that a spinning rigid body which

", is coni_ may be con_rolled by a wheel internal to it_ rotati_ i_ a
, prescribed maturerr_lative to the inertial motion o,_ the body.t

The proper relationship between the rotation of the wheel and the body
may be sensed by s_ _ccelerometer mounted in the plane of the cg .
The accelerometer should be mounted parallel _o the centerline at a

-_ location co° avay f,-._mthe centerline of th_ _heel.

: [ The effect of the coning damper is to constrain the rate of change of the

co:_iagangle to be always neg,tive. J_, _,_

Ff
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! B.o _io_HzP _EN cONING_G_ ,A_

: Let us derive the eq_mtions of motion for a spinning satellite and c,bserve
the relationship between the coning angle end the system energy.

Referring to Figure 1 and assuming there is no wheel in the satellite
we may say:

=-

Now
. .-.i.

ii,. .-I.

M = P = P + oJ X P

So that
V

, M.= I._,

: M2: I _Z-(I_I_ S- _wIWS) (i)

I M3-"I d,+{Iw,_'z-4w,wz)
I

o.- Equations (I) are "hheso calledEulez'eqnations for a sym_,etricalrigid

_'_ I body,'_. If we define
),

},, E=Z _ I_ + weI + _

• Then
i

; 2E : IMo_zm + I ( +_32 )

,,. : I R OJIt

i I 2 between the t'_oequations

Eliminating ¢o_+ _s

2E p2 R2 2
"I-- RoJ_ = i-_ - _#

_' I p22E =_ + I_ (I-R)_ z

i!I ,,,, R(2EX--P2)_, IR I :

I andCOS O - I,,w,
,_, tPI 8 _ cone ane;!e

I

l_t , ",
i i , i
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:_ = (2El- P_')

-_ (I-R)

differentiating re:_emberin_ P is a constaz _..

t
: _---V/_-R} ZRI dE

I -SIN 8d8 21PI R(2E[--'_-'_) (I-R-'-_

Fronlthis expression it zmy be seen that for R <I ,taslender

I satellite) an increase in E will result in a decrease in @ the cone angle.

[
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"_ The coning dam_ez propos._l conEiets of • rotating wheel mounted so -.bat

_| Its spin axis is norr_l tc the centerltne of t_e vehicle and, forsin_llcity of _his derivation, placed so that it_ c.g. is at the vehicle
c.g.

I Let t_ then derive the Euler equations for the spinning _atelli_e wlth a
wheel attached to it. The moment of inertia of the wheel (assurer4rigidly

_- attached) Is absorbed in _ vehicle moments of Inertia (Y, and _).

__ 1 Referrl_g to Figur_ I.

p, = In_ ,

_: i P2: I_, + Ii. _z* II is the roll ine_-tiaof The

_ I againPs=TW3 wheel

_" [ M : P = P +w X P

"°M,: Pl+lw X P)'I

which then be+_es

M: I,m,�%P,-_3 PZ
M_ ! %-+ w, P3 + Ig3 P, + 11,,["?,,

e I Mz: Z&z- (Z-_1_,% + Z,_ +"

_ Ms: I_ 3 + ('.."IRlml_ z + I,(,,,a
+!

These equations then describe the mobion for a spinning satellite vith
a rotating wheel.

l
.it

-!
?

"|
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• 5.0 CONIRG ANGLE RE!XJCTIONBY TRE CONING DAMPER

| _1_oeee_ ea _fo_
I

.. T-': _ J,+4+g+__'+2 T _
then

, x_,)+_, x;_

, }_
(-_-,)

If P Is consta_.t,

[i COS8= -TJ-_-SIN8 d8 I d (Z,, co,)IPI d"]-= iPl dt

,. d , { _,_-_ _,(_,z-_,'_}Substituting in E ;

i-i d_ , {_,,_,_+_,,-_'*,'-',"
-SIN 8 d"_= _, XnlFI ,_R) }

-_,,_. _,,._, (,_) }
/

wl_d.eh upon substit_ti_ from t]_ second1 _g.er equation

-s,N_d'T _,_._--"_( ,___.)-ll
8O

-s,N _ d_ , z - zn ) n_T" _"'T"(_ z,_.,_ (,_R-----_
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i [ and

: -SIN8 dO . I z,2%
: f- ,:It IPI

therefore

[
--SIN 0 dO II_'_ U=

" [
we may _,henu_e either of the two equations

,, - ,..,.._.,.,.e(,"--.)[,,a,,,_.+_.,,] (5-_)
,!
: |.

IL .
or

!I! _,_o.,..z d t IPiStN(:/
:r

• rr,.__,,m,_.ze,a system where @ is always negative (a coning angle

,. _ .r_ductlon).

" _ The first of these equations was chosen for mechanization because of

i_ the ease of obtaining _, and the amplifying fac_JorR/I.R.

[
!
!

1! ',

] 965005804-0 ] 3



°

6.0 ACCEIEROMETERAS A CONING SENSOR
|I
{! If ve place an accelercmmterat the e_e of a flat _Lsk in FldF_-e2,

we may _Lrectlydevelop the'accelerationsensed_j the accelerometer

,! G : cu X r + cu X X

_I Letting r be a vector r2-" O, r3 = r, r! = 0
|J

a, = -r (_2-_,_3) -"

i;
An expression for _! _3 i_rom the modified Euler equations of Section 4
is giver,as:

ii I _,,_ _,_ - _2+ h .
x - I. (I-I.)

[ _ then J

< 'IL] o, = -r &2-( _ )_,,_ I, _ .

_,]__ , )
!I or

O i r [_z -In II-- (__-_I-_ ]
anai_ R - I--B-

I

a, (_- z,,}-[_'- --6"

i] or

a, ([ • la)

= r-.L R I' l_,]

or from Equation 5-i if R is nearly I
-d_ ~ ! II,
--= 01,0. .,

dt _1 [. IPISiNOr
so a controlequation of the form AI = KO_ is sufficientto

H reduce the coning angle to _-ero.

II
, $
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